Mobile computing devices facilitate our daily life; however, mobile display also results in a heavy burden on our vision, and even injures our eyes. Mobile devices cause visual discomfort due to not only the screen glares but also the hand-held shake and vibration. We therefore aim to develop a stabilization technique for mobile display. This technique is expected to provide users with a comfortable interaction experience and reduce the hurt caused by screen vibration. The method we proposed is built upon system modeling. It analyzes the sensor data of acceleration and then predicts the displacement of the hand-held device. The mobile device can therefore adjust the position of the display area to compensate for vibrations. Experimental verification based on users' feedback reveals that our method successfully reduces the sight discomfort in moving environments.
Introduction
Following the reports of International Data Center (IDC, http://www.idc.com), the worldwide shipments of smart phones and tablet computers will reach 1.3 billion and 240 million units, respectively, in 2015. The market of mobile computing devices, including smart phones and tablet computers, continuously increased in recent years. This situation reveals that using mobile computing devices could have engaged much time of our everyday life. Many researchers notice that mobile devices could cause ill effects to the addicts (also known as the phubbing). As indicated by Connolly et. al. [2, 3] , overuse of mobile devices have produced various types of social and health problems. Among these problems, the most frequently we may have ever encountered are motion sickness [12] and vision damage [14] caused by hand-held shake in moving e n v i r o n m e n t s . T a b l e 1 l i s t s t h e p e r c e n t a g e s o f Taiwan students who suffer the vision decline, i.e., with at least one of the eyes not reaching 20/20 at eye exams. According to these data released by the ministry of Education, Taiwan (http://www.edu.tw), a very high rate of school children and teenagers have to correct their vision. Serious sight problem like this can also put the blame on the overuse of mobile computing devices [15] .
To release the discomfort of eyes and reduce the risk of vision damage, we propose a method to stabilize the display of a mobile device in this paper. Fig 01 illustrates our solution. We set an active area on the screen for displaying the media content, e.g., pictures, text segments, web pages and the output of other apps. Outside the active area is a buffer zone for this display area to move to compensate for the vibrations of screen. We provide three parameters for this stabilization mechanism, i.e., the moving range "d", the scale factor "c", and the reset time "t". Parameter d indicates the buffer distance from the edge of the screen to the active area for display. If d is assigned zero, the active zone will move without buffers. Parameter c is a scale factor, which allows the users to adjust the scale for each compensation move. Finally, parameter t introduces a period not to run the compensation process. The timer of this period will be reset and the active area will return to the center of the screen whenever the screen is touched or the device is shaken with a displacement more than a threshold. This way the user can interact with the mobile device as usual.
We take the AR (auto-regressive) model for system modeling [8] and use the recurrent algorithm of least-squares estimation (LSE) [5] to calculate the coefficients of the model. The model coefficients are updated in real time and we can therefore predict the displacement at each moment. We applied this stabilization technique on displaying a picture, a text segment, and a video for users to test. The positive feedback from the users successively verified the feasibility of this stabilization technique.
Related Work
Stabilization of media access is a valuable research topic. Practical techniques have been developed for image and video capture. We can also find some related research to improve the quality of mobile text display.
Stabilization Techniques for Image Capture
Hand-held vibration is a serious problem for digital cameras. Stabilization techniques for image and video recording are thus developed by famous electric companies examples that use damping systems on the camera lens to enhance the image quality during capture. Similar method was also developed by Sony and Monica; nevertheless, they applied the damping mechanism on the CCD unit. Several offline processing algorithms were also proposed to reduce the vibration of video [4, 13] . These algorithms provide software solution that aligns and clips subareas in conjoint frames and thus regenerate a stable video. Although these techniques perform well for image and video capture, they are not available for mobile device display because neither can we attach a damping screen on the devices nor is an offline post-process allowed during user operation. Therefore, the only way to solve hand-held shake is to predict the displacement of moving and then compensate it on the opposite direct.
Stabilization Techniques for Mobile Text Display
Early in 2007, Barnard et. al. had noticed that handheld vibrations could interference text reading in moving environments [1] . The corresponding researches to facilitate text reading on mobile devices include enlarging the text size dynamically [7] and magnifying local area of the content [9] . Analysis of walk types [6] is an advanced research that increases the performance of these solutions.
In this paper, we propose a system modeling based stabilization technique. This method predicts and offsets the next move of the shake and thus stabilizes the display area in the center of the screen. Aside from text display , our method suits for displaying all other kinds of media content. 
System Modeling Stabilization Technique
The proposed stabilization technique consists of three pipelined units. As Fig. 2 shows, these three units take charge of motion analysis, motion prediction and motion compensation respectively. Here we introduce how these units work and then state the experiments we conduct to validate our system.
Auto-Regression System Model
The first functional unit analyzes accelerometer data to estimate the displacement of the mobile device. The acceleration is divided into X and Y components and then adjusted by the gyroscope to remove the gravity effects. The stabilization mechanism processes X and Y data separately. The estimation equation that both applies to X and Y axes is given by eqn (1) with system parameters and , where a and D sequences stands for the acceleration and the displacement, respectively.
The second functional unit then uses system modeling methods to predict the next displacement value. An auto-regression model with weight set 's is established as follows, where system parameter n indicates the window size of filtering.
Motion prediction, at time k, can be realized by eqn (2) and the following recurrent LSE equations (eqn (3)~(5)):
Finally, we use the third unit to adjust the position of the active display area. As stated above in Section 1, this module works following three parameters, i.e., the moving range "d", the scale factor "c" and the reset time "t". The compensatory offset C[k+1] can be calculated by eqn (6). 
User Test
We design a practice operation to verify the proposed stabilization technique. As Fig. 3 shows, three types of questions involving (a) a picture-type graphic problem, (b) a text-type math problem, and (c) a video-type counting problem are exhibited to the users. Each of these problems takes two minutes for the users to answer. The correctness of the answers is not important in our tests, but we record the user's feedback after the tests. Users have to reply how comfortable they feel about the display during the test. The scores can be from 1 to 5 -a higher number implies a better experience. We then compare the scores resulting from the cases when the stabilization mechanism is turned on and off. The moving environments include walking, taking bus, taking Taipei MRT, and taking MRT with a side-sitting posture.
Experimental Resluts
We conducted the experiments using an hTC Nexus 9 tablet computer for it is with the standard Android 6.0 operation system. The userbase includes 20 college students with equal rates of girls and boys. Table 2 lists the experimental results. According to the final record, our stabilization technique provided more comfortable feeling in all moving modes. We can also find that side-sitting posture is really not suitable to use a mobile device. [ ])
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Conclusions
In this paper, we propose a system modeling based stabilization technique for mobile display. Our method consists of three pipelined units, i.e., the motion analysis, the motion prediction and the motion compensation units. The first unit analyzes accelerometer data to estimate the displacement of the mobile device. The second unit then uses system modeling methods to predict the next displacement of moving. Finally, the third unit adjusts the position of the display area to compensate for vibrations. Experiments were conducted and the users' feedback was collected. Experimental results verify that this stabilization technique for mobile display can make our eyes feel more comfortable while using mobile computing devices.
